Effects of recent or current nutrition and of environmental factors on the reproductive performance of many species have been recognized for at least a century, and this knowledge has probably been applied to the rearing of domestic species for thousands of years, to maximize production. However, it is only in recent decades that the importance of prenatal and early postnatal factors, particularly nutrition, in the programming of reproductive function appears to have been recognized (Gunn et al., 1972; Gunn, 1977; Allden, 1979). One reason for the relatively recent recognition of this effect is the fact that studies of such phenomena require relatively long-term, controlled experimental conditions to ensure that changes in reproductive capacity programmed into the developing fetus are not masked by the effects of other environmental influences, to which they may be exposed later, or by compensatory changes in physiology, which may also occur at a later stage.
Such studies have been conducted by Gunn and coworkers, using the sheep as an experimental model, to show that undernutrition during early stages of development, either before or after birth, can induce a reduction in the lifetime reproductive capacity of the female offspring (Gunn et al., 1995; Rhind et al., 1998a) . This work has stimulated more detailed studies of the underlying mechanisms and is probably one reason for the high frequency with which sheep have been used in such studies. In addition, the relatively substantial literature on the reproductive physiology of sheep facilitates the design and interpretation of experiments.
This review will address some issues that may be important for studies of this type and will highlight a few, key, recent findings. Evidence from various species indicates that programming of development and subsequent physiology involves many different factors, including, for example, nutrition (Gunn et al., 1995) and high temperature stress (Colbrough, 1985) . These effects are likely to be mediated, at least in part, through endogenous endocrine influences (Ford and Klindt, 1989) . The involvement of endocrine signals also means that endocrine-disrupting compounds (EDC) present in the environment can also affect development (Sharpe et al., 1995; Toppari et al., Effects of nutrition and environmental factors on the fetal programming of the reproductive axis* Research from a wide range of scientific disciplines has shown that the reproductive performance of animals in adult life is determined, in part, by a variety of extraneous influences acting at different stages of development from before conception until after birth. These effects are probably mediated through changes in the hypothalamic-pituitary and gonadal axes but the physiological system that is affected depends on the stage of development at which the influence is applied. The physiological mechanisms through which environmental influences are transmitted to the target organs are, in many cases, complex and poorly understood. Gonadotrophins seem to play a pivotal role in the development of the fetal testis, although effects of environmental influences on GnRH secretion have yet to be demonstrated. Other studies have shown that, at earlier stages of fetal development, the normal ontogeny of gonadal development and function can be disrupted by undernutrition or the influence of endocrine-disrupting compounds. Specifically, in female fetuses, the onset of meiosis is delayed, whereas, in male fetuses, testosterone synthesis is increased as a result of enhanced testicular steroidogenic enzyme activity. Although reproductive performance is clearly influenced by prenatal factors, much further work is required to identify the relationships between developmental abnormalities and adult reproductive function. Work is also required to elucidate further the critical windows in development and the mechanisms by which environmental factors affect the reproductive organs of developing offspring.
1996; Crisp et al., 1998) . Thus, it is likely that adult reproductive performance reflects the combined effects of multiple factors as diverse as nutrition, stress and EDC exposure, during prenatal development. The economic significance of nutrition in domestic animal productivity has meant that a relatively large research effort has gone into this potential determinant of fetal programming and so many examples are drawn from these studies.
When does programming occur?
Critical windows of development The available evidence indicates that the effects of early life nutrition on subsequent reproductive capacity may be exerted over a range of developmental stages (Fig. 1) . Some of the first indications of an effect of undernutrition on the fetus were derived from the observation of an association between rearing environment, and therefore nutritional state, and lifetime reproductive performance (Gunn et al., 1972; Gunn, 1977; Allden, 1979) . Subsequent studies were designed to identify the critical periods of development and were frequently concentrated on periods of maximum demand for nutrients during which, in practice, nutritional deficiencies might be considered most likely to occur, for example, during late pregnancy and early lactation.
In one large-scale and long-term study, involving nearly 500 Scottish Blackface ewes studied over 3 breeding years, Gunn et al. (1995) demonstrated a significantly higher incidence of multiple births in ewes born to dams given supplementary feed during pregnancy (0.54 versus 0.43) or lactation (0.57 versus 0.43) when compared with unsupplemented controls. From this study, it may be concluded that undernutrition during early postnatal life influences subsequent reproductive function. However, it is not clear from the study whether this is the most critical period of development with respect to the programming of future performance. This study also indicates effects of prenatal nutrition, presumably mediated through the placenta. At present, there is little additional direct evidence to support these observations because of the high cost of conducting these experiments. However, the highly controlled studies of Da Silva et al. (1998) have shown that severe, placentally mediated nutritional restriction can affect development of the fetal hypothalamic-pituitary-gonadal axis adversely and delay the onset of puberty (Da Silva et al., in press) , indicating that effects exerted on the developing fetus can be expressed at least as late as the onset of puberty.
Epidemiological studies of humans have shown that intrauterine nutrition is related to the incidence of certain chronic conditions in the offspring in middle age (Barker, 1992 (Barker, , 1994 . More recent analyses of the Dutch famine birth cohort (Lumey, 1998) showed no relationship between fetal undernutrition and subsequent fertility, but there was an increased risk of still-birth and perinatal death among the offspring of women exposed to famine in the third trimester of pregnancy.
Undernutrition during early stages of fetal development might be expected to be relatively unimportant because the nutrient requirements for the growth and maintenance of fetuses during the first half of pregnancy are relatively low, as is indicated by the fact that 75% of the growth of sheep fetuses occurs during the last 6 weeks of gestation (Robinson et al., 1977) . Thus, nutrient requirements for body growth during early gestation are clearly minimal and, indeed, are met during the first few weeks without the requirement for a placental delivery system. In fact, investigations of sheep fetuses between day 47 and day 65 of gestation have shown that undernutrition of the dam during the first 2 months of pregnancy results in delays in fetal ovarian structural development (Borwick et al., 1997) and changes in associated patterns of testicular steroidogenesis (Rae et al., 2000) . Whether these effects are translated into effects on adult reproductive performance has yet to be determined. Rhind et al. (1989) reported effects of undernutrition on growth before placental development has even begun. Undernutrition resulted in restriction of conceptus growth at as early as day 11 of gestation, several days before implantation. The length of the conceptus was significantly shorter (р 500 versus 1400 µm) in ewes fed 50% of live weight maintenance requirements than it was in those fed 1.5 times requirements. Although there was no significant difference in the size of the conceptus in ewes fed a reduced diet from 2 weeks before mating compared with ewes fed from mating, there was a trend towards a further reduction in length of conceptus in ewes that had been subjected to the pre-mating restriction (370 versus 500 µm), indicating a possible effect on conceptus development of the longer period of undernutrition. Similar effects have been reported at day 8 of pregnancy in undernourished ewes (Abecia et al., 1997) . The effect of this restriction on the differentiation and development of the gonadal tissues, if any, remains to be determined but it seems likely that embryos at this stage of development are vulnerable to nutrient restriction.
Expression of maternal RNA and development of very early cattle embryos (containing fewer than 16 cells) are influenced adversely by an abnormal environment (culture medium) (Hyttel et al., 2000) , indicating that embryos at this stage of development, in vivo, may be susceptible to changes in uterine environment such as those associated with undernutrition of the dam.
Studies of pig embryos produced by oocyte maturation in vitro and cattle embryos produced by nuclear transfer from morulae produced in vitro have shown an increased frequency of abnormalities in gene activation (Hyttel et al., 2000) . These findings indicate that the developmental processes are altered by incubations in culture medium and that the effects of factors such as nutrition on embryonic and fetal development may be exerted through changes in the environment of the developing oocyte, that is, programming effects may extend as far back as the pre-conception stages.
Further evidence of very early programming is provided by the results of investigations of the adverse effects of heat stress in cattle (Putney et al., 1989) ; these studies showed that exposure of heifers to high temperatures for a few hours during early oestrus was associated with a reduction in embryo quality at day 7 after insemination. These observations are consistent with earlier reports of increased embryo wastage in heat-stressed cattle (Dunlap and Vincent, 1971; Gwazdauskas et al., 1973) and sheep (Dutt, 1963) and indicate that the normal pattern of embryonic development can be altered by brief adverse environmental influences at a critical window of development. More detailed studies of this phenomenon (Edwards and Hansen, 1996; Edwards et al., 1997; Chandolia et al., 1999) indicate that embryos have the capacity to respond to environmental influences such as heat shock by synthesizing protective heat shock proteins through newly activated mRNA transcription, as early as at the two-cell stage. Subsequent development is affected more severely by heat stress at the two-cell stage than at the four-cell or eight-cell stages because of the absence of protective proteins at or before this stage. Thus, normal programming is more likely to be compromised by adverse environmental influences at this very early stage than at later stages.
Delayed responses Gallaher et al. (1998) showed that effects exerted during one period of development can impinge on responses to environmental factors during another, later, period. They observed that maternal undernutrition of ewes from 60 days before conception to 30 days after conception had no effect during later gestation on concentrations of insulin-like growth factors (IGFs) or their binding proteins (IGFBPs). However, when a second, additional window of undernutrition was applied during the third trimester, there was a significantly greater reduction in fetal plasma IGFBP-3 and IGF-I concentrations in fetuses that had been underfed at the earlier time. These results indicate that the observed effects of programming may not be attributable to effects exerted at only a single stage of pregnancy but may represent a response to multiple, interacting influences.
In view of such observations, care must be exercised when interpreting data from epidemiological human studies, particularly of humans in which details of previous nutritional regimens may be imperfectly defined. In a number of these studies, birth weight was used as an index of diet during human pregnancy. However, as noted by Lumey (1998), long-term effects of undernutrition may occur without apparent birth weight effects. Indeed, undernutrition effects may be absent even in cases of reduced birth weight (Lumey 1998) because the critical window of development occurs before the effects on fetal mass are expressed.
Conclusions
Collectively, this series of experiments conducted over several decades, using techniques ranging from simple weighing and body condition scoring to molecular biology, has shown that undernutrition of the dam can modify the development of embryos, fetuses and young animals, and may even exert effects before conception. Understanding of the mechanisms through which these effects are expressed remains poor. However, consideration of potential mediators, of the sites and mechanisms of action, and of the critical stages of fetal development may highlight appropriate areas for future research.
What are the critical stages of development for fetal programming of the reproductive system?
It is apparent from the previous section that there is potential to manipulate embryo and fetal development at many different stages. Nevertheless, a consideration of the stages of gestation at which tissues become differentiated and at which specific developmental processes occur can be instructive with respect to the times at which programming is likely to occur. Clearly, if undernutrition is applied for a period of gestation before a certain organ, cell type or receptor has developed, it cannot be affected directly by the treatment. However, it may be affected by previously induced changes in precursor cells or tissues. Consideration of the ontogeny of mammals, again using the sheep as an example, reveals a number of potentially significant stages of development (Fig. 2) . Clearly, any effect of undernutrition on the process of tissue differentiation, gonad formation and the establishment of associated enzyme systems is likely to have a fundamental effect on the subsequent function of these organs and so this must be considered to be a critical stage of development. In sheep, a transient period of steroid synthesis occurs in the fetal ovary between approximately day 35 and day 55 of gestation (Mauleon et al., 1977 ). The precise function of this transient phenomenon is unknown but it broadly coincides with the onset of meiosis in the germ cells (Mauleon and Mariana, 1977) . A further potentially critical window of development in the female fetus is the period up to the end of folliculogenesis (approximately 110 days in sheep; Mauleon, 1973) , beyond which time the number of ovarian follicles cannot be modified.
In male fetuses, critical windows are less clearly defined. Seminiferous cords are present by about day 35 and by day 70 the rete testis is organized in the centre of the testis and stains intensively for androgen receptor (Sweeney et al., 1997) . Sertoli cell replication continues throughout fetal life and extends to about 6-8 weeks into post-natal life in sheep (Sharpe, 1994) and so may be susceptible to the effects of undernutrition or other environmental factors throughout this period.
In fetuses of both sexes, the development of the hypothalamic-pituitary axis and the associated synthesis of gonadotrophins is potentially sensitive to nutritional and other influences. In all vertebrate species studied, the main population of GnRH neurones originates outside the brain (in the olfactory placode epithelium), and migration into the brain, axonal growth and maturation to adult morphology occur during the first half of gestation. In the sheep fetus, the GnRH neuronal systems develop between about day 35 and day 85 of gestation, at which point they are very similar to the GnRH neuronal systems of adults (Caldani et al., 1995) . Fetal undernutrition has been shown to affect the general maturation of neurocircuitry and axonal growth adversely (Sima and Sourander, 1978; Sharma et al., 1987; Morgane et al., 1993) but there is currently no information on the effects of undernutrition on the GnRH neuronal system. However, in sheep, α and β subunits are not present in the pituitary gland, in combination, until day 70 (LH) or day 100 (FSH) of a 145 day gestation (Thomas et al., 1993) . Thus, fetal programming through changes in these factors cannot occur before the second half of gestation.
After birth, most fundamental programming of reproductive function has probably been completed. However, the observations of Gunn et al. (1995) and Rhind et al. (1998a) indicate that nutritional regimen in early life can influence subsequent reproductive performance in females. Since the developmental processes are largely complete by this time, it is possible that the observed effects on reproductive performance represent effects of postnatal nutrition on the processes of follicle recruitment, as indicated by a reduction in ovulation rate 6 months after a period of undernutrition in adult ewes (Fletcher, 1974) . Oocyte quality may also be affected. Equivalent effects may occur in males but, to date, these have not been investigated.
The effects of prenatal programming on reproductive performance may not end with the present generation. Environmental factors can alter gene activity so that the factor they control is modified in the subsequent generation in an apparently Larmarckian manner. In a study of laboratory fruit flies, an external influence (brief heat shock) resulted in the activation of a gene that resulted in the flies having red eyes, a trait that was passed to the next generation (Cavalli and Paro,1998) .
Evidence is emerging of similar transgenerational transfer of the effects of undernutrition. Lumey (1992), in a followup study of babies born to women exposed to the Dutch famine of [1944] [1945] , found that children born to mothers who had been undernourished as fetuses had birth weights 6% lower than those born to pre-famine controls. These results indicate that undernutrition modifies gene expression not only in the individual fetus but also in its offspring and perhaps in successive generations.
Although potentially important periods of development can be identified relatively easily, it is impossible to assess the relative importance of each of these windows of development without detailed studies of the effects of different factors on the developmental process and of the consequences of such effects, if any, in later life.
What physiological systems are involved in fetal programming and how are they affected?
What are the signals?
Although some environmental influences, such as EDCs, may act directly on the target organs to induce endocrine, cellular, structural and gene expression alterations, it is likely that the effects of many factors, including nutrition and social and climatic stresses, are exerted through changes in endocrine profiles. Despite extensive research into the effects of many different factors on endocrine profiles, they remain poorly understood and a detailed review of the topic is beyond the scope of this review. Briefly, hormones that seem most likely to have a direct, pivotal role in the mediation of environmental or nutritional effects on the developing fetus include insulin, IGFs (and their associated binding proteins), thyroid hormones (particularly triiodothyronine (T 3 )) and leptin. Profiles of some or all of the hormones listed can be modified by nutritional state (insulin: Bassett, 1974; IGF-I and T 3 : Rhind et al.,1998b; leptin: Hardie et al., 1996) and climatic factors (T 3 : Sterling and Lazarus, 1977; leptin: Hardie et al., 1996) and the thyroid hormones can be altered by certain environmental endocrine disruptors (Hansen, 1998) Circulating concentrations of other hormones and metabolites are almost certainly involved in the signalling process but they probably have a less crucial, possibly permissive role with respect to reproductive organ function. For example: growth hormone and cortisol, which are involved in the regulation of nutrient availability but probably exert their effects through interaction with insulin and IGF (Trenkle, 1981) ; glucose, which is essential for neural function although, in ruminants, circulating concentrations are poorly related to changes in rates of utilization (Russel, 1978) ; urea, the product of amino acid metabolism in ruminants, circulating concentrations of which, when generated in excess amounts, are not related to protein intake (Sykes, 1978) ; non-esterified fatty acids, which exhibit marked variations associated with stress or food intake (Russel, 1978) making them of questionable relevance as a long-term signal.
In addition, some environmental factors, particularly EDCs, are known to exert their effects on the reproductive system much more directly either through the oestrogen receptors or through receptor-independent effects on enzyme systems (McLachlan et al., 1984; Navas and Segner, 1998) .
Measures of these putative signals should be incorporated into future research into the mechanisms by which environmental factors affect fetal programming. In particular, there is a need to measure hormones and metabolites in the developing fetus and to determine how they are influenced by changes in maternal physiological state.
Which physiological systems are altered?
Programming of reproductive capacity in the fetus can be achieved through changes in either the hypothalamus-pituitary gland or through the gonads. The stage of fetal development at which each of these organs is susceptible to environmental or nutritional influences is not necessarily the same. Similarly, the effects in the adult animal of alterations in the function of these organs in the fetus may differ with both the organ affected and the age of the animal. Measurements of the effects of nutritional or other manipulations of the fetus, to date, have not been linked to effects on the reproductive performance of the adult.
Nutritional programming of the hypothalamus-pituitary
Initial studies of fetal programming in relation to reproductive capacity centred on the hypothalamus, since the critical role in gonadal function of secretion of GnRH, and associated release of LH from the pituitary, was well known. However, effects of exogenous factors on fetal hypothalamic function and, in turn, on gonadotrophin secretion and gonadal function, can be expressed only when the necessary neurones and associated receptors have developed.
The ontogeny of fetal hypothalamic function has been studied in sheep by the application, from day 70 of gestation, of the GnRH agonist, buserelin, to inhibit fetal gonadotrophin secretion (Brooks and Thomas, 1995; Brooks et al., 1996) . Brooks and Thomas (1995) demonstrated the essential role of pulsatile LH secretion by the fetal pituitary for the normal development of the testis; blocking GnRH and LH pulses with buserelin resulted in a significant reduction in pituitary FSH concentrations, a 40% reduction in testis mass at birth and a similar reduction in the numbers of Sertoli cells (Fig. 3) . The reduction in testis mass was associated with reduced testosterone production after puberty, indicating that reproductive function may have been permanently impaired by the treatment during pregnancy.
When treatment with buserelin was restricted to the period between day 70 and day 110 of a 145 day pregnancy, there was no reduction in testis mass (Brooks and Thomas, 1995; Brooks et al., 1996) . Taken together, these results indicate that testis development is related to GnRH and LH pulse frequency and that there is a critical window in late pregnancy, after the development of GnRH neurones, which is completed at approximately day 85 of gestation.
There are no published reports of the effects of nutrition on gonadotrophin profiles during late pregnancy. However, indirect evidence of pituitary modulation by nutrition during early pregnancy is provided by the studies of Hawkins et al. (1999) who reported that a small reduction (15%) in feed intake during the first half of gestation in ewes resulted in a reduction in pituitary responsiveness to corticotrophin-releasing hormone or arginine vasopressin during the second half of gestation. There were no differences in fetal size or organ mass at the time of differential pituitary sensitivity.
Nutritional programming of the gonads
Although observations of effects on reproductive capacity of late pregnancy nutrition, or exposure to other environmental factors, may be explained in terms of effects on gon-adotrophin profiles, clearly this is not the mechanism by which early pregnancy effects are mediated since the gonadotrophic-gonadal axis is not in place before about day 70 of gestation in sheep. Thus, it is likely that the effects are mediated via direct effects on the gonads, that is, independently of hypothalamic-pituitary function and gonadotrophin secretion. This conclusion has led to assessment of the effects of undernutrition during early pregnancy on the histology and steroidogenic capacity of fetal gonads. In a study of female fetuses, Borwick et al. (1997) reported minimal, non-significant reductions in fetal ovarian mass at days 47 and 62 of gestation in response to underfeeding at a rate of 50% of the ration required for maintenance of live weight. However, in a separate study, a significant reduction in ovarian mass was recorded at day 50 of gestation in animals fed restricted rations from the time of mating or from the time of ovarian development at about day 30 of gestation (M. T. Rae, A. N. Brooks and S. M. Rhind, unpublished).
Histological assessment of the day 47 ovaries (Borwick et al., 1997) revealed significantly more oocytes in fetuses from nutritionally restricted ewes (fed 50% of live weight maintenance requirements) than in fetuses from adequately fed ewes (fed 150% of live weight maintenance requirements). This finding has been interpreted to mean that the normal processes of oogonial degradation that occur at about this time and cause a reduction in oocyte number are delayed in undernourished fetuses (Borwick et al., 1997) . Indeed, subjective assessment of the ovaries indicated that there was a decrease in phagocytosis of oocytes in the restricted ovaries. In view of the fact that ovarian production of oestradiol at this time may affect the onset of meiosis (Shemesh, 1980) , it is noteworthy that there were no treatment differences in the steroidogenic capacity of the ovaries at this time.
Mean numbers of oocytes at day 62 were also higher in the fetuses derived from undernourished ewes, indicating delayed development (Borwick et al., 1997) . Furthermore, in the ovaries of fetuses from feed-restricted ewes, there were significantly more germ cells entering the initial stages of meiosis at this time, compared with control animals in which a larger proportion of germ cells had completed this process and entered meiotic arrest (Borwick et al., 1997) .
In male fetuses, no structural differences (seminiferous tubule diameter, tubule number, testicular mass) or differences in number of Sertoli, peritubular myoid and Leydig cells were recorded in response to undernutrition (dams fed 50 versus 100% of live weight maintenance) during all or part of the first 50 days of gestation (Rae et al., 2000) .
More detailed studies showed that fetal plasma testosterone concentrations were significantly increased in fetuses from undernourished dams compared with controls (Rae et al., 2000) ; similar, stress-induced perturbations in testosterone secretion in fetal rats are associated with altered sexual behaviour in adult life (Ward and Weisz, 1980) . The presence of steroid acute regulatory protein (StAR) and P 450 C17α-hydroxylase c17, 20 lyase (C17OH) was demonstrated in all testes using immunohistochemistry (Rae et al., 2000) at both day 50 and day 65 of gestation, and in situ hybridization showed that expression of StAR was also higher in fetuses from undernourished ewes than in fetuses from control ewes. A similar, non-significant trend was also recorded in the expression of C17OH, indicating that the effect of undernutrition on fetal testosterone concentrations is expressed through increased expression of these steroidogenic systems.
Since the above measurements were made at a stage before the development of a functional pituitary-gonadal system, the observed responses were gonadotrophinindependent. Similar observations in rats have also shown that onset of testicular steroidogenesis is independent of LH (Majdic et al., 1998) . In view of the pivotal role of testosterone and its metabolites in the development of the male phenotype and neural development, such perturbations may be of importance in the development of normal male function.
In the normally developing gonad, each stage of development is associated with a particular hormonal milieu and when development is delayed or the milieu is altered, as in the fetuses of undernourished ewes, the stage of development and the milieu become asynchronous. The physiological consequences of this asynchrony are not known, but it is possible that it subsequently exacerbates the adverse effect of undernutrition on development.
Endocrine disruptors and programming of the reproductive axis
The importance for adult reproductive performance of effects on fetal development has been highlighted by studies of the effects of EDCs on reproductive capacity in adults. Although much of the interest in the topic stems from concerns about male human fertility as a result of exposure to EDCs (Toppari et al., 1996; Crisp et al., 1998) , it is studies on rodents and ruminants that have produced empirical evidence of adverse effects on the developing gonad. Sharpe et al. (1998) showed that treatment of fetal rats with diethylstilboestrol resulted in a reduction in testicular size and in the number of Sertoli cells that developed. This reduction in the number of Sertoli cells was permanent and resulted in a reduction in sperm production at maturity. Similarly, Lee (1998) reported dose-dependent disruptive effects of environmental concentrations (0.08-0.8 mg kg -1 body weight) of the EDC nonylphenol administered postnatally to male rat pups. These pups also exhibited reductions in testis size and associated changes in structure but the effects were observed only when the treatments were applied before 13 days of age, that is, there was a critical window of development after which the reproductive system was no longer sensitive to the EDC. Sweeney et al. (2000) showed that exposure of pregnant ewes to moderately high doses (1 mg kg -1 day -1 ) of octylphenol or diethylstilboestrol (0.5 µg kg -1 day -1 ) from day 70 of gestation caused a significant reduction in the number of FSHβ-immunopositive pituitary cells and reduced FSHβ mRNA expression in the pituitary glands of their lambs. Testis mass and number of Sertoli cells at birth were also significantly reduced.
Collectively, these studies indicate that the effects of EDCs are expressed at various stages of development and are exerted through action on both the hypothalamicpituitary system and the gonads.
Thermal stress and programming of the reproductive axis Although there is clear evidence of effects of early life programming by nutrition and EDCs on adult reproductive physiology, the effects of thermal stress are less well defined, perhaps because in many cases the fetus fails to survive beyond a few weeks of age. Effects of high body temperature around the time of oestrus and oocyte maturation on embryo development to day 7 of gestation have been reported (Putney et al., 1989) , but there have been no controlled studies to assess effects on subsequent hypothalamic-pituitary-gonadal development or on adult reproductive function.
Conclusions
On the basis of data obtained over many decades, it is clear that environmental factors can greatly alter development of fetal hypothalamic-pituitary and gonadal structure and physiology, including numbers of cells, enzyme systems and hormone output. These effects are particularly marked during the period of rapid gonadal development and differentiation. The importance of the observed delays in development of the gonadal tissues during the first half of pregnancy, with respect to subsequent lifetime reproductive capacity, remains uncertain.
There is a need to determine which of the effects on early and late fetal development already recorded result in reductions in lifetime reproductive performance and to identify stages of development that are the most critical in the determination of adult reproductive capacity. There is also a need to extend studies to investigate the effects of different components of feed inputs (for example, protein and other specific nutrients) and into the metabolic or hormonal mechanisms by which maternal status is signalled to the fetus. Finally, there is a need to investigate potential synergism and antagonism between the actions of EDCs, stress and nutrition at each stage of gestation. This work will be challenging but will provide much needed insight into the roles of these factors in fetal programming and their effects on reproductive performance in the adult. 
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